Plasmids that confer resistance to cadmium (MIC> 125 /xM), were found in 18 out of 30 independent Staphylococcus lugdunensis strains from clinical specimens. Variants that were cured of their plasmid were cadmium sensitive. Restriction endonuclease sites of a 3.2-kb cadmium-resistance plasmid of S. lugdunensis, designated pLUG10, were similar to those of pOX6, a S. aureus cadmium-resistance plasmid containing the cadB gene. Southern-blot hybridisation was performed with a probe intragenic to cadB. Hybridisation was found with the cadB probe in the cadmium-resistant S. lugdunensis isolates to the 2.9-, 3.2-and 3.7-kb plasmids. These findings suggest that cadmium-resistance in some S. lugdunensis strains is due to a gene sharing homology with the cadB gene of S. aureus.
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INTRODUCTION
Staphylococcus lugdunensis is a recently described species of coagulase-negative staphylococci responsible for severe infections such as infective endocarditis [1] [2] [3] . S. lugdunensis strains are usually susceptible to most antistaphylocccal antibiotics, including penicillin G [2], although some strains were reported in the USA to be resistant to oxacillin [4] . Restriction-enzyme analysis of S. lugdunensis chromosomal DNA, characterized by conventional electrophoresis [5] and field inversion gel electrophoresis [6] showed only limited genomic diversity. Strains which were not epidemiologicaily related, were shown frequently to harbour a small plasmid of about 3.2 kb [5] .
Cadmium-resistance plasmids have been found in S. aureus. There are two cadmium-resistance determinants on plasmid in S. aureus, which were called cadA and cadB [7] . Plasmids such as pi524 (31.8 kb) have the cadA system [8] , and there are also small plasmids such as piP983 or pOX6 that only carry the cadB-resistance gene [9, 10] . The sequence of the 3324-bp plasmid pOX6 has been 60 determined. The pOX6 cadB sequence contains a single open reading frame, capable of encoding a 205-amino acid polypeptide [11] .
We demonstrate in this work that the 2.9-, 3.2-and 3.7-kb plasmids of S. lugdunensis contain sequences homologous to the S. aureus cadB gene.
MATERIALS AND METHODS

Bacterial strains
Thirty-five S. lugdunensis strains (Table 1) were collected from 15 laboratories located in different cities and from various human specimens or hospital environments. Their molecular characteristics have been in part described [5] . Strain no. 5 is the reference strain ATCC 43809 [1] . Strains were identified as S. lugdunensis according to the characteristic growth and biochemical reactions [1] . Control strains for the cadA and cadB system were S. aureus RN4220/pI524 [8] and RN4220/ pOX6 [10] , respectively.
Cadmium-resistance testing
Minimal inhibitory concentrations of cadmium acetate (Merck) were determined by broth dilution using Mueller-Hinton medium [12] .
Curing of heavy metal resistance
Curing of cadmium-resistance traits with novobiocin was performed as previously described [13].
DNA techniques
Cells were lysed with lysostaphin (AMBI) at 37°C [14] and plasmid DNA was separated by electrophoresis in 0.85% agarose gel according to standard methods [14] . S. aureus plasmid pOX6 was extracted from RN4220/pOX6 by cesiumchloride density gradient centrifugation according to standard procedures [15] . Restriction endonucleases AccI, ClaI, EcoRI, HindII, HindIII, HinfI, HpaII, NarI, NcoI, NdeI, NdeII, PstI, PcuII, RsaI and XbaI (Boehringer, Mannheim, FRG) were used and the plasmid fragments were analysed in 1.6% (w/v) agarose gels. For Southern-blot hybridisation, DNA was transferred to Nytran membranes (Schleicher and Schuell). Prehybridisation and hybridisation were carried out for 1 and 16 h, respectively at 65°C. A cadB gene-specific probe was a 358-bp Narl-Hinfl fragment intragenic to cadB, isolated from pOX6 and purified using the Gene clean kit. Alternatively, the entire plasmid pOX6 linearized by Pst I was used as a probe. The probes were labeled by random priming incorporation of digoxigeninlabeled dUTP (Boehringer). Table 1 .
RESULTS
Plasmids were found in 24 of the 35 S. lugdunensis strains. The 20 S. lugdunensis strains harbouring a 2.9-, 3.2-, 3.4-, 3.5-or 3.7-kb plasmid were more resistant to cadmium (MIC > 125 /zM, range 125-500 /zM) than the 11 plasmidnegative S. lugdunensis strains or the four strains with either a 4.6-kb plasmid or two plasmids (MIC <62 p~M) ( Table 1) . MICs of cadmium acetate were 1000 /zM for S. aureus RN4220/ 61 p1524, 125 p.M for S. aureus RN4220/pOX6 and 2/zM for S. aureus RN4220. Curing experiments were used in order to determine whether cadmium-resistance was plasmid borne. After 3 days at 42°C in the presence of novobiocin, approximatively 1% of the resulting clones were found to be sensitive to cadmium with MICs similar to those of plasmid-negative S. lugdunensis strains (nos. 1-111. They had lost their plasmid (data not shown). Additionally spontaneous curing occurred in strain no. 35, resulting in a similar (I  25O  25O  250  5OO  25O  25O  25O  50O  250  125  25(/  25O  250  250 Table 2 Comparative analysis of the plasmid fragments of pLUG10 and pOX6 obtained after single restriction-endonuclease digests Table 2 and compared with those obtained for pOX6 with the same enzymes. The restriction enzymes Accl, NarI, and Ncol, all generated fragments in pOX6, but had no cleavage sites in pLUG10.
To determine whether there was a relationship between pLUG10 and pOX6 DNA sequences, pOX6 linearized by Pst I was digoxigenin-labeled and used as a probe for Southern hybridisation on S. lugdunensis plasmid DNA. Positive signals were observed for each plasmid of S. lugdunensis strains, irrespective of cadmium-resistance level (data not shown). However, when a 358-bp NarI-Hinfl fragment intragenic to pOX6-cadB was used as a probe, only plasmids found in cadmium resistant strains (MIC > 125 ~M), showed positive hybridisation signal (Fig. 1) . The additional hybridisation signals seen in Fig. 1 most probably represent further forms of the plasmid.
DISCUSSION
S. aureus is the only organism in which plasmid-mediated cadmium resistance has been reported [16] [17] [18] . At least two distinct mechanisms conferring cadmium resistance have been described, and are encoded by the coda and cadB determinants, respectively [7] . The coda determinant confers a high level of cadmium resistance (MIC of 1000 p~M) due to a specific effiux system preventing internal accumulation of cadmium ions [19] . A lower level is observed with cadB (MIC of 125 p~M) by a mechanism that may involve cadmium binding [20] . The coda determinant is on fl-lactamase plasmids such as pi524, pi258 and pSK57 of 31.8, 28.2 and 28.8 kb, respectively [21] . The cadB gene has been located on 3.2-kb cadmium-resistance plasmid such as piP983 [9] or pOX6 [11] . Plasmid pII147 (32.6 kb) is notable in that it carries both cadA and cadB determinants [7] .
Some strains of S. lugdunensis have characteristics similar to those of S. aureus, such as a fibrinogen affinity factor [2] or a 0-like toxin which shares homology with the 0-toxin of S. aureus [22] . In this paper, we have demonstrated that homologous sequences to the S. aureus cadB gene are present on S. lugdunensis plasmids. The most frequently isolated plasmid of S. lugdunensis conferring cadmium resistance has a size of 3.16 kb which is close to that of the S. aureus-resistance plasmid containing cadB. The endonuclease restriction sites of pLUG10 and pOX6 were somewhat different, suggesting a degree of sequence divergence. The significance of the finding that pLUG10 does not contain a site for Nar 1, although it is known that this site is within the cadB gene, awaits further investigation. However, Southern-blot hybridisations using pOX6 as a probe, confirmed the relatedness between the two plasmids. Moreover the cadB gene-specific probing showed that sequences homologous to cadB are present in the relevant S. lugdunensis plasmid DNAs; this cadB related sequence is found on plasmids of sizes from 2.9 to 3.7 kb in S.
lugdunensis.
S. lugdunensis strains without the cadB system were still more resistant to cadmium (MIC 32 to 62 /~M) than S. aureus RN4220 (MIC = 2 /xM) and therefore could be considered as intermediate in resistance to cadmium. It is not likely that they carry the cadA gene, as the MIC for cadmium in S. aureus RN4220/pI524 is 1000 /.LM.
Another chromosomal low-level cadmium-resistance determinant in methicillin-resistant S.
aureus with no homology with cadA has been described by Witte [23] and designated cadC by Lyon and Skurray [21] . It is possible that S.
lugdunensis strains with intermediate resistance levels to cadmium could carry such a cadC gene.
This possibility is currently under investigation.
